be near 15-0-200 ,ug./100 g. blood. An individual man or dog with a concentration of H.E.O.D.
in the blood greater than the threshold is in a critical condition requiring some factor or factors not yet determined to precipitate intoxication. The use of this blood test will assess the severity of occupational exposure and support the diagnosis in suspected intoxication.
Ever since the chlorinated hydrocarbon insecticides have been used and handled, a blood test has been needed by industrial medical officers and physicians to assess and control exposures and to support the clinical diagnosis in suspected intoxication. Certainly a blood test of operatives in plants manufacturing these insecticides and formulating their products would obviate a biopsy of tissues (Kazantzis, McLaughlin, and Prior, 1964) . Such a blood test has been developed recently from methods which determine the presence of small amounts of D.D.T.* and dieldrin (H.E.O.D.)t in tissues and biological fluids (Hunter, Robinson, and Richardson, 1963; Robinson, 1963) . With this method the concentration of H.E.O.D. in the blood of 12 human males and females without occupational exposure, nine human males with occupational exposure, and one human female after an attempt at suicide has been reported (Robinson, 1963 (Goodwin, Goulden, and Reynolds, 1961; Robinson, 1963) and the concentrations found were expressed in ,ug./100 g. blood.
Results
The concentrations of H.E.O.D. found in the blood of five operatives of a plant formulating aldrin who had shown signs of chlorinated hydrocarbon insecticide intoxication (Kazantzis et al., 1964; Hayes, 1963) In the former, the values were above 16-0 ,tg./100 g. blood, and in the latter above 27-0 ,ug./100 g. blood.
Discussion
The symptomatology of intoxication by the chlorinated hydrocarbon insecticides is not specific, the symptoms and signs being those of excitation of the central nervous system. It was the history of exposure in factories manufacturing the insecticide and formulating products containing them and in the spraying campaigns in the field using these products that suggested to the physician that the sickness described in operatives and spraymen was caused by the absorption of the insecticide (Hayes, 1957; Hoogendam, Versteeg, and de Vlieger, 1962; and Kazantzis et al., 1964) . Even an electroencephalogram, a helpful procedure in the control of industrial exposures and diagnosis of intoxication, is but a reflection of the excited state of the central nervous system (Hoogendam, Versteeg, and de Vlieger, 1964) . Only a biological test for the presence or the effects of the presence of a poison in the tissues and body fluids of the exposed or clinically intoxicated will confirm the absorption of the toxicant. It is fortunate that a diagnostic blood test confirming the entry and giving an indication of the body burden of H.E.O.D. has been developed to protect operatives from intoxication and to support the clinical evidence of suspected intoxication. Further, the physician now has a most valuable aid in the differential diagnosis of sickness in those exposed occupationally or accidentally to products containing these materials, particularly if further information, both from laboratory experiments and occupational practice, confirms a relationship between intoxication and the concentration of H.E.O.D. in the blood.
We have described the results of analyses for the presence of H.E.O.D. in the blood obtained from operatives who showed signs of intoxication whilst formulating the chlorinated hydrocarbon insecticide, aldrin, and from healthy operatives of another plant manufacturing aldrin and dieldrin and formulating products containing them. These findings have been compared with the results of analyses of the blood of dogs orally exposed to dieldrin. The form and intensity of the exposures, the daily absorption of small amounts of the insecticide, are comparable, and since the clinical signs of intoxication in men and dogs do not differ unduly, there is good reason to accept that the findings in the experimental dog are applicable to man.
During occupational exposure to aldrin and dieldrin and products containing them, small quantities of these materials may be absorbed without evidence of ill health and intoxication, and in the healthy operatives of the second plant the concentration of H.E.O.D. in the blood was as high as 22-0 ,ug./100 g. (Table 2 ). However, if the exposure is intensified, as occurred in the first plant formulating aldrin, 12 hours daily, seven days weekly for three months (Kazantzis et al., 1964) , then the over-exposure led to an increased absorption until one or more convulsive fits, repeated or not, and/or involuntary limb movements suggested to the physician overt intoxication. This type of intoxication, Hayes' Third Type (Hayes, 1963) in the blood for intoxication may be in the range of 15 0 to 25-0 ,ug./100 g. blood.
The mechanism of intoxication from the chlorinated hydrocarbon insecticides, aldrin and dieldrin, remains unknown. As mentioned already, one factor in the intoxication, the rate of absorption, must be of importance. Over a period of months, the experimental rodent may accumulate in its depot fat amounts of chlorinated hydrocarbon insecticides which are larger than single oral lethal exposures (Hayes, 1963 (Kazantzis et al., 1964) . But if the absorption of the chlorinated hydrocarbon insecticide is increased, as in an occupational overexposure or in higher experimental exposures, to 04 to 0-8 mg. dieldrin/kg. body weight daily, the concentration of H.E.O.D. in the blood exceeds the threshold and a critical situation exists. It may then require only the initiating factors of a further rapid absorption, an intercurrent illness, or an environmental stress to produce intoxication.
A hypothesis that there is a concentration in the blood for intoxication which if exceeded promotes a critical situation for lead poisoning has been accepted in the case of the metabolism of lead (Kehoe, 1961) . The threshold concentration is 80 jug. lead/100 g. blood. In individuals whose concentrations of lead in the blood are below this figure 'no case even of the mildest type of poisoning' has been found. On the other hand, concentrations of lead in the blood above this figure have been found in healthy operatives. However, they are in a critical condition requiring but the over-burdening of *tissues with unbound lead from a sudden rapid absorption of lead or a release of biochemical bonds to develop lead intoxication. The pathogenesis of intoxication from the chlorinated hydrocarbon insecticides may be very similar.
The limited information at present available suggests that the threshold concentration of H.E.O.D. in the blood of man critical for intoxication may be 15-0 [Lg./100 g. Certainly, if concentrations in the blood of operatives manufacturing aldrin or dieldrin or formulating their products are found to be greater than this figure, the exposure should cease, medical supervision should be instituted, and the environmental hygiene should be investigated. If intoxication is suspected from exposure to aldrin and dieldrin a blood test should be made immediately. The result may or may not support the clinical findings, but on present evidence the diagnosis of intoxication may not be supported unless the concentration of H.E.O.D. in the blood exceeds the threshold value proposed in this paper.
Nevertheless, the diagnosis of intoxication rests on the history of exposure and the clinical symptomatology, since illnesses arising from causes other than chlorinated hydrocarbon insecticide intoxication are possible even in those whose concentration of H.E.O.D. in the blood is raised above the suggested threshold.
Further experiment and experience with cases of human over-exposure may qualify the present limited findings, but a diagnostic blood test is available for the clinical and industrial physician dealing with exposure, occupational or accidental, to the chlorinated hydrocarbon insecticides, aldrin and dieldrin.
